Objectives: Prior studies have been performed on cotton textile plants throughout the world. This study was planned to identify the rate of byssinosis and chronic obstructive pulmonary disease (COPD) in hemp and jute workers and those who worked with both of them. Material and Methods: The study was realized in a factory which consecutively processed hemp and jute. The study enrollment included 266 people, 164 of whom were active workers and 102 were retired. A questionnaire, plain chest X-rays, physical examination and pulmonary function tests were performed. Dust levels were measured in various sections of the factory during 8 h work shifts. Endotoxin levels of various quality hemp fibers and dusts were measured. Results: The rate of byssinosis (28.2%) was higher among the workers that who exposed to both jute and hemp dust. The frequency of chronic bronchitis in retired workers who previously smoked was higher (20%) as compared to currently smoking workers (17%). High dust levels were measured in some parts of the factory (mean (M) = 2.69 mg/m 3 ). Working in dense dust areas, active smoking, being older than 40 years of age, being an ex-smoker, and working in the factory for a period exceeding 15 years were significantly associated with bronchitis and emphysema development. High endotoxin levels were determined for fine hemp dust (605 EU/mg), coarse hemp dust (336 EU/mg) and poor quality hemp fibers (114 EU/mg), whereas in fresh hemp stalks the level of endotoxin was determined to be lower (0.27 EU/mg). Conclusions: Because of high exposures to jute and hemp dusts that are associated with high byssinosis rates, personal protection and environmental hygiene is crucial to prevention of byssinosis.
as B2, the symptoms expand to other days of the week and progress apart from work. With the progression of the disease, permanent changes like chronic bronchitis and emphysema develop in the workers producing restriction in their effort capacity and decrease in quality of life attributable to respiratory failure. Respiratory system irritation symptoms and pulmonary function test parameters are also rated in the WHO classification [18, 19] . Diseases related to chronic bronchitis and local irritation symptoms (nasal, ocular), are seen more often in people who inhale the dusts of hard textile plants like jute and sisal than soft textile plants like cotton and hemp [13] . Inhaling jute dust results in chronic bronchitis, cough and wheezing whereas byssinosis frequency is quite low [13] [14] [15] [16] [17] . On the other hand, the increase in byssinosis is seen when exposure to jute dust is accompanied by exposure to other plant dusts [20, 21] . Etiopathogenesis of byssinosis and other respiratory system diseases caused by organic plant dusts arise principally from endotoxins from the cell wall of Gram negative bacteria [22] [23] [24] [25] [26] . Now, we know that endotoxins are major etiologic factor over developing byssinosis and other respiratory diseases. Myriad studies show that endotoxin exposure has a causal role over developing byssinosis. According to them, Monday sickness has been correlated with airborne endo toxin concentrations, but not exactly correlated with airborne dust concentrations. Some studies respected those acute alterations in lung functions over the course of a Monday work-shift and significant correlation with airborne endotoxins. Previously, while byssinosis had been thought that restricted to workers with exposure to cotton, flax and hemp dust, similar effects among workers inhaling endotoxin contaminated dust in wool carpet factories, swine confinement centers, and animal feed mill facilities have been found in some studies. Also, endotoxin has a possible role in the etiology of hypersensitivity pneumonitis [23] .
INTRODUCTION
It is known that exposure to the organic dusts of textile plants results in respiratory system complaints and pulmonary diseases like byssinosis, chronic bronchitis, asthma-like syndrome, reactive airway dysfunction syndrome (RADS), occupational asthma and emphysema [1] [2] [3] [4] . The 1st scholar to draw attention to occupational diseases and byssinosis was the Italian physician, Bernardino Ramazzini in the 17th century. Ramazzini in his book "De morbis artificum diatriba" detailed the relationship between occupation and diseases [5] . With the onset of the industrial revolution, from the 2nd half of the 19th century, increased production in the textile sector resulted in augmentation of occupational diseases. In 1936, Prausnitz, a British physician, drew attention to byssinosis and, in 1950 Schilling provided a detailed description [6, 7] . Byssinosis was first defined in cotton workers, but in later studies it was also shown in workers who inhaled the dust of hemp, flax, sisal, jute and other fiber plants [8] [9] [10] . Byssinosis has been studied mostly in cotton workers, but there have also been several studies performed among hemp and jute workers [11] [12] [13] [14] [15] [16] [17] [18] . Eastern European data from the 1970s and 1980s described byssinosis frequency as 47-66% in people inhaling hemp dust [11, 12] . Byssinosis is the most known and specific work-related illness in the textile sector. The classic symptoms of byssinosis consist of fever, malaise, chest tightness and dyspnea. Symptoms in the early stages of the disease occur on Monday, after the weekend vacation. Previously it was called "Monday Fever" but in 1956 it was described as stage 1 byssinosis by Schilling, and as B1 in the revised byssinosis stages by the World Health Organization (WHO) and the U.S. National Institute for Occupational Safety and Health (NIOSH). At the early stage of byssinosis (B1) symptoms of chest tightness, fever and malaise are only seen on the 1st working day (Monday) and disappear in the following days. In the 2nd stage of the disease, defined O R I G I N A L P A P E R IJOMEH 2016;29(1) 57 processing machinery was renewed to handle jute plants imported from Bangladesh. Our study was conducted during the processing of jute. This factory was selected to research the effects of both plants on the respiratory system and byssinosis prevalence among the workers. This study is the 1st in Turkey that covers the occupational exposure in jute and hemp workers. We performed this study among the current and retired workers of this jute rope factory which processed hemp in the past, to assess the frequency of byssinosis and other airway diseases, the role of dust concentrations in respiratory tract symptoms and developed occupational lung diseases. In addition, endotoxin levels were measured for various quality hemp fibers and dusts to assess the role of endotoxins on the development of byssinosis.
MATERIAL AND METHODS

Study design
A cross-sectional survey was conducted in a factory manufacturing rope made of jute. The study was carried out between April 1997 and August 1998. A research team measured dust levels in the factory, administered questionnaires for workers and a control group, made physical inspections and chest X-rays, performed respiratory function tests and data analysis. This study was conducted in a textile factory located at Taskopru Province of Kastamonu City at the Northern Anatolia region of Turkey. Some workers of the factory working in jute processing also worked previously in processing hemp. The factory was established for hemp processing in 1947 and continued till 1983, but as the machinery became old-fashioned, they were renewed to process jute plant imported from Bangladesh. Our study was done during this period. The factory ended its production in 2004 and moved to a new factory in Gaziantep. Thus, current working environment and the dust concentrations are not the same, so that it could not be known, whether or not the presented data is still applicable and valid.
Another study revealed that past exposure to endotoxin was associated with reduced forced expiratory volume in 1 s (FEV 1 ) level among retired cotton workers. Moreover, past exposure was more strongly associated with reduced FEV 1 for those hired < 5 years before baseline than for those who were hired ≥ 5 years after baseline. The study showed that recent endotoxin exposure was significantly associated with byssinosis, chronic bronchitis, and chronic cough [24] . In a study, in which animal model rat has been used to assess the effects of occupational stresses and hazards on exposure to textile environment, the investigators of the study showed increased α-and β-globulins and decreased total proteins and albumin levels. Also, they found increased serum C-reactive protein levels. They suggest that inhaled particles in the textile environment have extrapulmonary activity besides the pulmonary effects [25] . Manufacturing of rope, cord and hawser from hemp may be seen in various parts of Turkey, especially in Western Anatolia and the Black Sea region. People often do this job from childhood in workshops without ventilation systems with substantial inhalation of hemp dust. Jute is a fibrous textile plant grown in India, Bangladesh and neighboring countries. It is one of the cheapest natural textile fibers and has the 2nd highest consumption in the world after cotton. Cotton based textile manufacturing is one of the important industries in Turkey. Much more epidemiological studies have been made on the diseases caused by cotton dusts among textile workers in Turkey. The 1st of these studies performed in Turkey was made by Tokgoz in 1968 among cotton workers, but no Turkish study has been done regarding other plant dusts that cause byssinosis [26] [27] [28] [29] [30] . Our study was conducted in the only jute processing factory in Turkey, where unprocessed jute fibers that came from Bangladesh were turned into rope used for the backing of synthetic carpets, sackcloth, cord and hawser. The factory was established to process hemp fibers in 1947. In 1983, IJOMEH 2016;29(1) 58 
Physical examination
Participants of the study went through an overall physical inspection especially on the respiratory system. Participants were checked for wheezing, any increase in their anterior-posterior chest diameter, intercostal retraction, cyanoses, percussion hyper-resonance and rhonchi were noted.
Pulmonary function tests
All the participants in the study went through pulmonary function tests. Measurements were taken by using a Vitalograph/Compact (England) spirometer. The spirometer was calibrated before pulmonary function tests. Participant's age, height and sex were noted. Each participant underwent 3 measurements and the best value was noted. Forced vital capacity (FVC), forced expiratory volume in 1 s (FEV 1 ), forced vital capacity/forced expiratory volume in 1 s (FEV 1 /FVC), peak expiratory flow rate (PEFR), maximal mid-expiratory flow rate (MMEFR) were measured.
Chest X-rays All participants posterior-anterior (PA) chest X-rays were evaluated by 2 different physicians according to the 1980 International Labor Organization (ILO) pneumoconiosis assessment standards. Radiography findings like hyperlucency, diaphragm flattening, and emphysema presence were especially noted.
Working environment dust measurement
Ankara Occupational Health and Safety Center performed dust measurements in different parts of the factory during this study. Altogether 7 dust measurements were performed. A vertical elutriator operated at a flow rate of 7.4±0.2 l/min was used to measure the concentration of the dust in the areas of the workers. To collect the dusts inside of the vertical elutriator, Sartorius cellulose nitrate filters with pore diameter of 5 μm were
The goal of this study was to understand the effect of hemp dust and jute dust together and separately on the workers of the factory as well as the appearance of byssinosis frequency and other chronic pulmonary diseases when these dusts are inhaled over a long period of time.
Study population
This study was conducted in a jute rope factory on 164 current workers and 102 retired workers. Among current workers, 19 had also worked in hemp processing before 1983, 60 of them started working after 1983 and were exposed only to jute dust, 78 of them worked both in hemp and jute processing and were exposed to both dusts, and 7 had no dust exposure. Seventy-nine of the current workers were employed in high dust concentration areas according to our measurements including in the stock room, bundle opening and spreading, carding, winding and spinning sections (Photo 1). Fifty-one worked in low dust concentration areas including drawing, beaming and threading sections. Eight sections of the factory were characterized as follows: -storage (stock room), -bundle opening and spreading, -softening, -carding (breaker carding and finisher carding), -drawing (thinning), -spinning, -winding, -beaming (threading).
Data collection Questionnaires
A questionnaire published by Rylander for evaluation of organic dust exposure was administered to both current and retired workers [31] . This questionnaire ascertained work history, respiratory system complaints and smoking status. Byssinosis symptoms for retired workers were ascertained from self-reporting of their past experiences. 59 have been be due to a high endotoxin content of various parts of hemp and processed hemp dust. Thus, endotoxin measurements were conducted to investigate certain components of the hemp plant. Air sampling filters were not available for analysis of endotoxin. Thus, dust samples were taken from a nearby workshop, because the jute factory did not process hemp at that time. Endotoxin levels were measured in processed and unprocessed hemp plants and in hemp dust. Endotoxin concentrations in the dust were measured using the Limulus Amebocyte Lysate assay (QCL-1000 LAL Assay, Lonza, Inc.) performed as previously described [35] . Samples were eluted into used. Dust concentrations were measured gravimetrically using a calibrated microbalance. As there are no accepted specific occupational exposure limits (OEL) in the world for hemp and jute dusts, the 8-h timeweighted average, permissible exposure limit (PEL) from the US Occupational Health and Safety Administration (OSHA) for cotton dust of 0.2 mg/m 3 was selected as an acceptable OEL [32] [33] [34] .
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Endotoxin level measurements
Higher rates of byssinosis were determined in workers exposed to hemp dust, when compared to workers exposed to jute dust. We hypothesized that these might 
Findings related to study population
RESULTS
Dust measurements
Airborne dust measurements were made in various sections of the factory. In most of these sections, dust levels were considerably higher than the U.S. OSHA occupational exposure limit of 0.2 mg/m 3 . High levels of dust concentration were found especially in bundle opening and spreading, carding, winding and spinning sections. In drawing, beaming and threading sections, dust concentrations were below the OEL (Table 1) .
Endotoxin level measurement findings
High levels of endotoxin were detected especially in fine hemp dust (605 EU/mg), coarse hemp dust (336 EU/mg), poor quality hemp fibers (114 EU/mg), and lower levels in fresh hemp stalks (0.27 EU/mg) ( Table 2 ). Endotoxin levels in jute plant and jute fiber dust were not assessed. Exposure to fine hemp dust at the mean exposure level When active workers and retired workers are classified in terms of type of dust exposure, most of the active workers were exposed to jute alone and hemp plus jute in contrast with retired workers who were mostly exposed to hemp alone with fewer exposed to hemp plus jute. Although the rate of using a dust mask was low in both groups, nearly 3-times as many retired workers as current workers reported any use (30.4% vs. 11.6%) ( Table 3) . Pulmonary function test results of current and retired workers according to smoking status are presented in Table 3 . As one would expect, the pulmonary function workers. There was no difference between groups in terms of gender. As expected, the average age of retired workers was higher and they were shorter. When a comparison is made regarding smoking habits, 76 (46.3%) of the active workers and 57 (55.9%) of retired workers have never smoked. Percentage of participants who quit smoking was higher in the retired employee group. Percentage of current smokers among active workers (39%) was significantly higher than retired workers (18.6%). Approximate pack-years of smoking were higher for active smokers and ex-smokers of the retired workers group (Table 3) . due to low numbers of retired workers with combined exposure (Table 7) . A significant relationship was found between chronic bronchitis, development of emphysema and risk factors such as working in high dust environments, being a smoker, being an ex-smoker, or working at this environment parameters were worse in smoking and retired workers (Table 4) . Overall, retired workers had FEV 1 and FVC values lower by 8% of predicted values than those currently employed. Importantly, there was a 9.2% loss of FVC and 7.7% loss of FEV 1 among current workers who never smoked. Chest tightness and arthralgia were significantly greater in workers employed in relatively dusty environments than those in low dust areas. All byssinotic complaints were more frequent in more highly exposed workers with significant differences seen for chest tightness, dyspnea, cough, lassitude and joint pain (Table 5) . Furthermore, feelings of tickling in the throat, nose itching, sneezing and local irritation symptoms such as skin itching were significantly higher in workers in high dust work areas (Table 6) . Byssinosis symptoms for current workers exposed to hemp plus jute dust were significantly higher when compared to workers exposed only to jute dust. The prevalence of byssinosis symptoms among the retired workers with combined exposure to hemp and jute was twice as high as jute-only exposed retired workers, however, this difference did not reach significance Table 5 .
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show that this rate is reduced to 3% [6, 7] . Research in Turkey has shown that byssinosis frequency in cotton workers is about 15-16% [26] [27] [28] [29] [30] . Although byssinosis prevalence among cotton workers in Turkey has not fallen, as in more developed countries, with necessary precautions a decreasing trend is noticed. As far as we know, no prior research was made in Turkey to determine lung diseases among workers exposed to hemp and jute dust.
Most published studies about the respiratory diseases caused by plant dusts have been performed among cotton more than 15 years. A significant relationship was found between the development of byssinosis and factors such as being an active worker plus smoker, being a retired worker plus ex-smoker and working at the factory more than 15 years and being exposed to hemp dust (Table 8) .
DISCUSSION
Firstly, Prausnitz's and then Schilling's epidemiological study in England in 1950 determined that about 1/2 of the cotton workers had byssinosis, whereas today's studies plant dusts [21] . In these studies it is also noted that chronic bronchitis, nasal and ocular irritation are on the front burner in the workers who inhaled the dusts of hard fibered textile plants like jute and sisal [13] .
The results of this study are consistent with the results in these earlier studies. We found that average byssinosis rate in the workers who are exposed only to jute dust is 8.3%, whereas in the jute workers who also worked in hemp processing the rate is higher (28.2%). The complaints related to local irritation were more common in the workers employed in high dust sections like opening, spreading, ruffer and bobbin as compared to workers exposed only to jute dust. The difference between the workers in the low and high dust sections was statistically significant. The rates of byssinotic complaints and chronic bronchitis were higher among the smoking workers. According to results of the logistic regression analysis, working in high dust sections and smoking at the same time increase chronic bronchitis risk 6-fold. Whether retired or active, more respiratory system complaints in smoking workers exposed to hemp or jute dust were detected, which confirms previous studies showing the additive effect of plant dusts with smoking in textile workers. Smoking results in increased risk for byssinosis caused by prolonged exposure to plant dusts like cotton, hemp and flax and also leads to nasal cancer caused by exposure to wood dust [36] . In order to avoid an additional risk from occupational exposures, workers should be encouraged not to take up smoking or to quit smoking if they already smoke. With the precautions in developed countries, byssinosis and its advanced stage chronic obstructive pulmonary disease (COPD) seen in textile workers in cotton mills, is showing a decreasing trend, whereas in Turkey this is still an important problem in textile workers processing fiber plants apart from cotton. Installation of engineering controls to decrease dust concentrations in textile-production factories should be taken as workers and few have addressed respiratory tract diseases from hemp and jute. In a 1996 study made by Fishwick et al., respiratory complaints were determined in 64% of hemp workers [9] . In the research of Zuskin et al., byssinosis frequency in hemp workers was found as 47-66%, especially higher in smokers [12] .
In the factory where we carried out our study, byssinosis frequency among retired workers was recorded as 26.2%. Since we diagnosed byssinosis among retired workers according to their old respiratory system symptoms we might have determined a lower rate of byssinosis as compared to Zuskin's study. Our determination according to results of logistic regression analysis was that byssinosis risk is increased 4.74 times in retired smokers as compared to current workers, 3.39 times -in workers employed in the factory more than 15 years as compared to shorter duration-employed workers, and 2.47 times in workers exposed to hemp dust compared to workers who were exposed to jute dust. In radiological and physical examination of retired hemp workers, emphysema was detected at around 26.2%. This percentage was 27.7% in smokers and 24% in nonsmokers. Logistic regression analysis indicated that exposure to hemp dust may cause emphysema with an odds ratio of 2.69. Working in the factory more than 15 years increased the risk of emphysema 3.87 times, whereas in retired workers, being exposed to hemp dust and smoking, increased this risk 2.5 times. In a previous study, it was claimed that the rate of emphysema did not increase among cotton workers [20] . In our study, we determined emphysema in nonsmoking workers as well. Worldwide studies of respiratory system diseases caused by exposure to jute dust figure that chronic bronchitis, coughing and wheezing frequency are found at the same rates as with the exposure to other fiber structured textile plants like cotton and hemp, whereas byssinosis frequency is lower. On the other hand, byssinosis frequency is higher when exposure to jute dust is present with other tumor necrosis factor α (TNF-α), interleukin-6 (IL-6) and other cytokines were higher in nasal lavage fluid of mice exposed to grain dust [39] . Also, Shvedova et al. found that cotton dust induced elevated levels of IL-6, interferon γ (INF-γ) and TNF-α in bronchoalveolar lavage (BAL) fluid of mice [40] . Therefore, there is a necessity to perform further investigations with hemp dust on animals or humans, including evaluation of biomarkers of inflammation in BAL fluids, to clarify higher byssinosis prevalence in hemp workers.
Limitations of our study
We examined the pulmonary functions of workers by spirometry only once, unfortunately we could not measure before and after the work shift. In addition, we could not prove emphysema of the workers by thoracic high resolution computed tomography due to technical insufficiency. Also, we could not perform the routine blood tests of the workers.
CONCLUSIONS
Byssinosis is no longer a problem in most developed industrial countries due to the institution of strict occupational health standards and the exportation of jobs in the textile industry to developing countries. As an agricultural and industrial country, about 1/2 million workers are presently engaged in the textile sector in Turkey. Controlling byssinosis disease, which is threatening the health of workers in Turkey, will increase the productivity in manufacturing and also contribute to overall health in Turkey. soon as possible and workers should be provided with respirators and a proper respiration fit program for further protection [37] . Although we observed lower byssinosis frequencies among workers exposed to only jute dust compared to only hemp dust and hemp dust plus jute dust, high rates of eye, nose and skin irritation symptoms were seen in current workers exposed to jute dust. This situation may arise because jute is a hard structured fiber as compared to cotton and hemp fibers. Jute fibers are less likely to reach the lower respiratory tract because most deposit in the nasal cavity and pharynx. Hence we encountered more local irritation symptoms of the upper respiratory tract and eyes. The rate of emphysema and chronic bronchitis, which are components of COPD, is more common among current or former smoker workers compared to never smoker workers. We found higher byssinosis prevalence in individuals who inhaled hemp dust. This can be explained by the higher endotoxin content of hemp. To prove the presence of emphysema in these workers, further studies using more sophisticated investigation tools including diffusion testing, static lung volume measurements and high resolution computed tomography (HRCT) are needed. We found that endotoxin levels were very high in dust taken from many areas of the hemp factory with mean air concentrations expected to exceed 100 EU/m 3 . This significantly exceeds the recommended OELs of 50 EU/m 3 from the Netherlands. These findings support previous studies about the relation of endotoxins and byssinosis [22] [23] [24] [25] 38] . Our findings also suggest that advanced stage byssinosis may lead to development of chronic bronchitis and emphysema which are both components of COPD. The study has shown that byssinosis prevalence is higher in hemp workers, perhaps due to higher endotoxin content of hemp fibers. To the best of our knowledge, no prior study revealed a higher byssinosis prevalence in hemp workers. In older studies, Schwartz et al. showed that
